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Measurement Intercomparisons 
During DC3, the NASA DC-8 payload included measurements of speciated (CH3O2NO2, 
HO2NO2, PAN, and PPN) and total peroxy nitrates, gas-phase, and gas- and particle-phase 
HNO3, allowing for intercomparions of the total peroxy nitrates and HNO3(g+p) for the entire 
mission. Also, the NSF National Center for Atmospheric Research GV and DC-8 conducted 5 
wing tip-to-wing tip intercomparisons, allowing comparison of two HO2NO2 measurements. The 
results are shown in Figure S1. Finally, the DC-8 payload included measurements of 
temperature, pressure, NO2 photolysis rate, HO2, and O3 (Table 1). These measurements are used 
to calculate photostationary steady state (PSS) NO2 (Eq. 1) to compare against measured NO2 
(Fig. S2). The PSS NO2 is calculated for observations where NOx/NOy < 0.4 (removes 
emissions), solar zenith angle < 80° (removes nighttime observations), O3/CO < 1.25 (removes 
stratospheric intrusion), and at all temperatures due to the lack of observations meeting these 
criteria in the upper troposphere. We assumed that [RO2] ≈ [HO2]. The rate constants are from 
Sander et al.
1
 
 
NO2,PSS=
kNO+O3O3NO+2∙kNO+HO2HO2NO
jNO2
      (1) 
 
The difference between the two HO2NO2 measurements is 35%. We scale the DC-8 
observations to the average of the two measurements. For the peroxy nitrates, the difference 
between the speciated sum and total peroxy nitrates is 4%. There is a 10% difference between 
the two HNO3(g+p) measurements. We take the average of the two measurements as the 
HNO3(g+p).  
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Calculation of Alkyl and Multifunctional Nitrate 
  To calculate the speciated ΣANs production, we use 15 minute averaged observations of 
the hydrocarbons. The hydrocarbons, OH rate constants, and α are listed in Table S4. We also 
include the fraction of time the peroxy radical reacts with NO versus other species (~80%) in the 
calculation of the speciated ΣANs production. The α also includes any contribution from 
secondary organic nitrate formation after radical isomerization (e.g., Lee et al.
2
). For 
hydrocarbons at or near the limit of detection (indicated in Table S4), we take the median mixing 
ratio observed during Leg 2 and calculate what the concentration should be in Leg 3, using the 
median OH concentration during Leg 2 (2.5×10
6
 molecules/cm
3
) and the time between sampling 
Leg 2 and Leg 3 (~ 4000 s). Then, we use that calculated mixing ratio as the initial mixing ratio 
for the rest of the flight. For the hydrocarbons that do not have a temperature dependent rate 
constant reported (i.e., methylhexane), we use a temperature dependent rate constant that has a 
similar value at 298 K. Finally, for isoprene nitrate, we use the branching ratios for the different 
peroxy radicals from Paulot et al.,
3
 and we use the recommended rate constants and mechanism 
from Lee et al.
4
 to produce other isoprene nitrate species (i.e., isoprene dinitrate, ethanal nitrate, 
etc.) from the first generation isoprene nitrates. 
 
Calculation of Alkyl and Multifunctional Nitrate in Aerosol-Phase 
Here are the following definitions for the values used in Eq. 4 – 5 to calculate the 
partitioning into aerosol. R is the gas constant (8.206×10
−5
 atm m
3
 K
−1
 mol
−1
), T is temperature 
(225 K), fom is the weight fraction of organic material in the total aerosol (0.8 for this 
experiment), MWom is the molecular weight of the absorbing organic material (assumed to be 
180 g/mol), ζ is the activity coefficient of the compound of interest in the condensed phase 
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(assumed to be 1 for this experiment), pvap is the subcooled vapor pressure of interest (atm), 10
6
 
(µg/g) is a conversion factor,  mom is the mass of the background organic aerosol (ranged from 
0.015 – 0.030 µg/m
3
 at ambient T and P), and , and , are the masses of the speciated 
alkyl and multifunctional nitrates in the gas- and particle-phase, respectively. The units of Kp are 
m
3
 µg
−1
. 
 
Description of GEOS-Chem Model 
GEOS-Chem version 09-02b
5
 (http://geos-chem.org) is used at 2×2.5 degree resolution. 
The standard chemistry is described by Mao et al.
6
 and includes CH3O2NO2 chemistry as 
recommended by Browne et al.
7
 Two separate runs were conducted: one with current 
recommendations
1,6
 (Base Case) and one with the slower recommendations
8,9
 (Updated 
Chemistry Case) for the HNO3 and HO2NO2 production rate constant. Both models were run 
from January 2011 to December 2012, and only results from January – December 2012 are 
analyzed to minimize memory from the initialization of the model. We use the output between 
200 – 400 hPa (upper troposphere) and remove output defined as being above the meteorological 
tropopause.  
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Figure S1. Intercomparison of (a) DC-8 versus GV HO2NO2, (b) ΣPNsi (ΣPNsi = CH3O2NO2 + 
HO2NO2 + PAN + PPN) versus ΣPNs, and (c) IC HNO3(p+g) versus CIMS HNO3(g). The slopes 
(±1σ), intercepts (±1σ), and R
2
 values are (a) 0.66(±0.01), −3(±1), and 0.96, (b) 0.96(±0.02), 
7(±9), and 0.68, and (c) 1.09(±0.02), 34(±2), and 0.81. 
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Figure S2. Intercomparison of photostationary steady state (PSS) NO2 versus measured NO2. 
The slope (±1σ), intercept (±1σ), and R
2
 is 0.99(±0.01), −12(±2), and 0.89. 
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Figure S3. The full flight path of the NASA DC-8 is shown in black for the entire 21 June 2012 
experiment. Wind direction and relative speed observed on the DC-8 is shown by the red arrows. 
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Figure S4. Time series of (a) CH3O2NO2, (b) HO2NO2, (c) PAN, and (d) PPN. The red vertical 
lines indicate the start of Legs 1, 2, and 3, respectively, in Fig. 2. The CH3O2NO2 observations 
are three minute averages and the values. 
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Figure S5. First order loss rate of (a) toluene and (b) ethyne. The solid red line is the slope 
(−1.01×10
-4
 and -5.9×10
-6
 s
-1
 for toluene and ethyne, respectively) and the dashed-dot red line is 
the 2σ uncertainty (±2.3×10
-5
 and ±2.6×10
-6
 s
-1
 for toluene and ethyne, respectively). 
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Table S1. Reactions and rate constants at T = 225 K and P = 230 hPa used to calculate PAN 
production rate and CH3C(O)O2 concentrations. 
Reaction Rate Constant (cm
3
/molecules/s) 
CH3C(O)OOH + OH → CH3C(O)O2 + H2O 9.2×10
-12a 
CH3C(O)H + OH + O2 → CH3C(O)O2 + H2O 2.2×10
-11b 
CH3C(O)O2 + HO2 → Products 4.4×10
-11b
 
CH3C(O)CH3 + hν + O2 → CH3C(O)O2 + CH3O2 Measured 
CH3C(O)CH3 + OH 
%
 CH3C(O)O2 + products 
1.4×10
-13a 
CH2CHC(O)CH3 + hν → CH3C(O)O2 + products Assumed same as methyl vinyl ketone photolysis
c 
CH2CHC(O)CH3 + OH 
%
 CH3C(O)O2 + products 
3.9×10
-11b,c,d 
CH2C(CH2)C(O)H + hν 
 %
 CH3C(O)O2 + products 
Assumed same as butanal photolysis
c,d 
CH2C(CH2)C(O)H + hν 
%
 CH3C(O)O2 + products 
Assumed same as butanal photolysis
c,d 
CH2C(CH2)C(O)H + OH 
! %
 CH3C(O)O2 + products 
4.3×10
-11b,c,d 
CH3C(O)CH2OH + hν → CH3C(O)O2 + products Assumed same as acetone photolysis
c 
CH3C(O)O2 + NO → CH3O2 + CO2 + NO2 2.7×10
-11a 
C2H5C(O)CH3 + hν → CH3C(O)O2 + products Measured 
a
Ref 1. 
b
Ref 10. 
c
We assumed that 40% of MACR+MVK measurements from the PTR-MS is MACR and 60% is 
MVK. 
d
The percent over the arrow includes the branching between reacting with NO, HO2, and NO2. 
 
Table S2. Reactions and rate constants used to calculate PPN production rate and C2H5C(O)O2 
concentrations. 
Reaction Rate Constant (cm
3
/molecules/s) 
C2H5CHO + OH + O2 → C2H5C(O)O2 + H2O 3.0×10
-11a 
C2H5C(O)O2 + HO2 → Products 4.4×10
-11b
 
C2H5C(O)O2 + NO → CH3O2 + CO2 + NO2 2.7×10
-11b 
a
Ref 10. 
b
Ref 1. 
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Table S3. Reactions and rate constants used to calculate CH3O2NO2 production rate and CH3O2 
concentrations. 
Reaction Rate Constant (cm
3
/molecules/s) 
CH4 + OH + O2 → CH3O2 + H2O 9.2×10
-16a 
CH3C(O)O2 + NO → CH3O2 + CO2 + NO2 2.7×10
-11a 
CH3C(O)CH3 + hν + O2 → CH3C(O)O2 + CH3O2 Measured 
CH3OOH + OH 
"%
 CH3O2 + H2O 
9.2×10
-12a 
CH3C(O)OH + hν + O2 → CH3O2 + HCO Measured 
CH3O2 + NO → CH3O + NO2 1.1×10
-11a 
CH3O2 + HO2 → Products 1.1×10
-11a
 
CH3C(O)OOH + hν → CH3O2 + product Assumed same as methyl hydrogen peroxide 
CH3C(O)O2 + HO2 
# %
 CH3O2 + OH + product 
4.4×10
-11a
 
a
Ref 1. 
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Table S4. Species, rate constants, average α, and classification used to calculate alkyl nitrate 
production (eq. 1 and Fig. 8b) at T = 225 K and P = 230 hPa. 
Parent Compound Rate constant 
(cm
3
/molecules/s) 
Initial Concentration 
(pptv) 
α Classification in Fig. 
8b 
Alkanes     
Methane 9.2×10
-16d 
1.85×10
6 
0.0014 ΣANs < C6 
Ethane 8.1×10
-14e 
1880 0.0036 ΣANs < C6 
Propane 5.7×10
-13e 
880 0.0189 ΣANs < C6 
i-Butane 1.6×10
-12e 
136 0.0479 ΣANs < C6 
n-Butane 1.5×10
-12e 
308 0.0426 ΣANs < C6 
i-Pentane 2.6×10
-12f 
85 0.0535 ΣANs < C6 
n-Pentane 2.8×10
-12g 
71 0.1436 ΣANs < C6 
Cyclopentane 3.6×10
-12g
 6 0.1030 ΣANs < C6 
2-Methylpentane 4.9×10
-12h 
10 0.1821 ΣANs ≥ C6 
3-Methylpentane 4.9×10
-12h 
9 0.1354 ΣANs ≥ C6 
n-Hexane 4.9×10
-12g 
8 0.4486 ΣANs ≥ C6 
Methyl Cyclopentane
a 
6.9×10
-12i 
9 0.1937 ΣANs ≥ C6 
Cyclohexane
a 
5.3×10
-12g 
12 0.2096 ΣANs ≥ C6 
2,3-Dimethylbutane
a 
5.6×10
-12g 
4 0.0735 ΣANs ≥ C6 
n-Heptane
a 
6.7×10
-12g
 12 0.5052 ΣANs ≥ C6 
2-Methylhexane
a 
6.7×10
-12j
 7.5 0.3933 ΣANs ≥ C6 
3-Methylhexane
a 
6.7×10
-12j 
21 0.4003 ΣANs ≥ C6 
2,4-Dimethylpentane
a 
2.6×10
-12k
 4 0.3134 ΣANs ≥ C6 
2,3-Dimethylpentane
a 
2.6×10
-12k
 6 0.3134 ΣANs ≥ C6 
2,2,4-Trimethylpentane
a 
2.6×10
-12k 
11 0.3134 ΣANs ≥ C6 
     
Alkenes     
Ethene 8.9×10
-12e 
34 0.0068
m 
ΣANs < C6
 
Isoprene
a 
1.5×10
-10e
 15 0.1135 ΣANs Isoprene 
α-Pinene
a 
8.5×10
-11e 
10 0.4991 ΣANs Monoterpenes 
     
 OVOCs     
Acetone 1.4×10
-13d 
1490 0.0091 ΣANs OVOC 
MVK
b 
3.9×10
-11l 
39 0.0184
n 
ΣANs OVOC
 
MACR
b,c 
4.3×10
-11l
 26 0.0113
 
ΣANs OVOC 
     
Aromatics     
Benzene 9.9×10
-13l
 33 0.0063
o 
ΣANs Aromatic 
Toluene 8.2×10
-12l 
21 0.0052
o 
ΣANs Aromatic
 
C8 Aromatics 1.6×10
-11l 
8 0.0700
o 
ΣANs Aromatic
 
a
Measurements at or near limit of detection. Calculated the initial concentration using 
observations from Leg 2. 
b
We assumed that 40% of MACR+MVK measurements from the PTR-MS is MACR and 60% is 
MVK. 
c
We assumed the reaction of MACRO2 with NO is faster than isomerization (~0.04 s
-1
 versus 
0.005 s
-1
); therefore, it will produce 2 multifunctional nitrates.
11
 
14 
 
d
Ref 1. 
e
Ref 10. 
f
Ref 12. 
g
Ref 13. 
h
Assumed same as n-hexane 
i
Ref 14. 
j
Assumed same as n-heptane 
k
Assumed same as i-pentane 
l
Ref 15. 
m
Scaled to Ref 16. 
n
Scaled to Ref 17. 
o
Scaled to Ref 18. 
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Table S5. Species, corrected vapor pressure (atm), percent of gas–phase condensing onto the 
aerosol particle, and percent contribution of each species to the total calculated ΣANs(p). The 
vapor pressure is calculated using SIMPOL.1
19
 and divided by 3.
20-22
 
Parent Compound Corrected Vapor Pressure 
(atm) 
% Gas–Phase Condensing 
onto Aerosol Particle 
% Contribution to 
Calculated ΣANs(p) 
Alkanes    
Methane 5.2×10
−4
 < 1
 
< 1 
Ethane 9.7×10
−5
 < 1 < 1 
Propane 1.8×10
−5
 < 1 < 1 
i-Butane 3.3×10
−6
 < 1 < 1 
n-Butane 3.3×10
−6
 < 1 < 1 
i-Pentane 1
st
 Generation 6.2×10
−7
 < 1 < 1 
i-Pentane 2
nd
 Generation 5.1×10
−10 
< 1 < 1 
n-Pentane 1
st
 Generation 6.2×10
−7
 < 1 < 1 
n-Pentane 2
nd
 Generation 5.1×10
−10
 < 1 < 1 
Cyclopentane 1
st
 Generation 1.2×10
−5
 < 1 < 1 
Cyclopentane 2
nd
 Generation 7.0×10
−9
 < 1 < 1 
2-Methylpentane 1
st
 Generation 1.2×10
−7
 < 1 < 1 
2-Methylpentane 2
nd
 Generation 9.4×10
−11
 4 < 1 
3-Methylpentane 1
st
 Generation 1.2×10
−7
 < 1 < 1 
3-Methylpentane 2
nd
 Generation 9.4×10
−11
 4 < 1 
n-Hexane 1
st
 Generation 1.2×10
−7
 < 1 < 1 
n-Hexane 2
nd
 Generation 9.4×10
−11
 4 3 
Methyl Cyclopentane
 
4.0×10
−7
 < 1 < 1 
Cyclohexane 1
st
 Generation
 
2.1×10
−6
 < 1 < 1 
Cyclohexane 2
nd
 Generation
 
1.3×10
−9
 < 1 < 1 
2,3-Dimethylbutane
 
1.2×10
−7
 < 1 < 1 
n-Heptane 1
st
 Generation
 
2.2×10
−8
 < 1 < 1 
n-Heptane 2
nd
 Generation 1.8×10
−11
 24 19 
2-Methylhexane 1
st
 Generation
 
2.2×10
−8
 < 1 < 1 
2-Methylhexane 2
nd
 Generation
 
1.8×10
−11
 24 19 
3-Methylhexane 1
st
 Generation
 
2.2×10
−8
 < 1 < 1 
3-Methylhexane 2
nd
 Generation
 
1.8×10
−11
 24 19 
2,4-Dimethylpentane
 
2.2×10
−8
 < 1 < 1 
2,3-Dimethylpentane
 
2.2×10
−8
 < 1 < 1 
2,2,4-Trimethylpentane
 
4.0×10
−9
 < 1 < 1 
    
Alkenes    
Ethene 7.8×10
−8
 < 1 < 1 
Isoprene 1
st
 Generation
 
4.4×10
−10
 < 1 < 1 
Isoprene 2
nd
 Generation
 
3.7×10
−16
 100 9 
α-Pinene 2 Rings
 
3.9×10
−11
 6 26 
α-Pinene 1 Ring
 
1.8×10
−12
 100 3 
    
 OVOCs    
Acetone 2.2×10
−6
 < 1 < 1 
MVK
 
4.1×10
−7
 < 1 < 1 
MACR
 
4.1×10
−7
 < 1 < 1 
    
Aromatics    
Benzene 2.9×10
−8
 < 1 < 1 
Toluene 3.7×10
−9
 < 1 < 1 
C8 Aromatics 6.7×10
−10
 < 1 < 1 
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